Fluoride in drinking water is an important chemical species with regard to public health considerations, although a fluoride concentration of about 1.5 mg L -1 in drinking water can decrease tooth decay and higher concentrations cause health problems. The concentration of fluoride in water is affected by some chemical characteristics. This study aimed to evaluate the relationship between fluoride and other chemical parameters (pH, Turbidity, EC, TDS, TH, ALK, Cl
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Fluoride in drinking water is an important chemical species with regard to public health considerations, although a fluoride concentration of about 1.5 mg L -1 in drinking water can decrease tooth decay and higher concentrations cause health problems. The concentration of fluoride in water is affected by some chemical characteristics. This study aimed to evaluate the relationship between fluoride and other chemical parameters (pH, Turbidity, EC, TDS, TH, ALK, Cl -, SO 4 2-, NO 3- , NO 2-, Ca
2+
, Mg 2+ , Na + , K + , PO 4 3-) in water bodies located in Showt, West Azerbaijan Province, Iran. Sample preparation and analysis were performed according to standard methods. A wide range of fluoride concentrations was measured in this study (0.0-5.5 mg L -1 ). The results indicated that alkalinity and Na + have a significant positive relationship with fluoride concentrations in water wells. Nevertheless, total hardness (TH) showed an inverse relationship with fluoride concentration. In addition, for a one-unit increase in alkalinity and Na + concentration, the average amount of fluoride in water increased by 0.0028 and 0.16, respectively. Furthermore, for a one-unit increase in total hardness, the average amount of fluoride in water decreased by 0.005. In conclusion, fluoride concentration was affected by numerous factors such as hardness, alkalinity, and Na + concentration. The findings of this study suggest that a suitable treatment of the groundwater is needed in contaminated areas before its use for drinking.
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Introduction
Water pollution is a controversial problem and many water resources globally have been contaminated by numerous contaminants resulted from human activities and natural processes [1] [2] [3] [4] . Groundwater is the main source of drinking water in many areas [5] [6] [7] [8] [9] [10] . Fluoride is necessary for teeth, and so many water systems add small amounts to drinking water. World Health Organization (WHO) has considered an acceptable range of 0.5-1.5 mg L -1 for fluoride in drinking water. No detrimental health effects are reported in this range. Teeth decay may occur at concentrations below 0.5 mg L -1 [11] . However, consumption of water containing high concentrations (above 1.5 mg L -1 ) of fluoride can disturb bones and cause teeth mottling (dental fluorosis), hyperthyroidism, and electrolyte and enzymatic disorders [12] [13] [14] . For example, concentrations of fluoride above 1 mg L -1 may cosmetically affect and discolor teeth, but this is not a health risk [15] . Acute exposure to concentrations above the permissible value can cause a condition called skeletal fluorosis [16] [17] [18] . Studies about the effect of fluoride on human health were initiated in the past century. Many of these studies have recognized fluoride as an important factor for dental health [4, [19] [20] [21] . The major intake sources of fluoride are water, food, and toothpaste. However, the most important source is drinking water [22] [23] [24] . The impact of fluoride on human health is strongly associated with its concentration in drinking water [22] . According to a report by the World Health Organization (WHO), more than 200 million people worldwide are affected by high concentrations of fluoride [25] . The concentration of fluoride in water is affected by several factors [6] , the most important of which is the type of bedrock on which water flows [26] . Groundwater flowing on crystalline, volcanic, sandstone bedrocks has a higher concentration of fluoride [27] [28] [29] . Other effective factors include climatic conditions, presence of Na-HCO 3 -
, Ca
2+ concentration, groundwater storage time, distance from the aquifer, and even the activity of some microorganisms [27, 28, 30, 31] .
Naturally fluoride concentration in groundwater varies from low amounts to above 25 mg L -1 [32] . The presence of some cations and anions adjusts fluoride concentrations in groundwater. For instance, some studies have indicated that bicarbonate anion can increase aqueous fluoride levels. In addition, aluminosilicate in the presence of bicarbonates in sandstone aquifers leads to fluorite dissolution, subsequently increasing fluoride concentration [33, 34] . On the other hand, according to a study by Chandio et al., [35] pH is an important factor in dissolving fluoride ion, and the pH range of 5 to 6.5 will cause the least amount of fluoride in water. Hence, it can be stated that the behavior of fluoride with other cations and anions varies according to location and physicochemical parameters [35, 36] . In order to obtain a model for predicting fluoride concentration based on other cations and anions, their relationships should be studied. Therefore, the novelty of the present study was to provide a quantitative comparison of fluoride concentrations in drinking water and to investigate the parameters affecting fluoride concentrations in water wells located in Showt, West Azerbaijan Province, Iran. This research could be of great importance for the prevention of risk to human health and for proper groundwater resource management to provide a safe drinking water for the communities.
Materials and methods

Study areas description
The Showt County was selected for the purpose of the present study. Showt covers an area of approximately 931 km 2 and is located in West Azerbaijan Province, Iran (39°13′09″N 44°46′12″E/39.21917°N 44.77000°E) (Fig. 1 ). Its population was approximately 52519 in 2011 census. The Showt has a local steppe climate. This climate is considered to be Cold semi-arid stands (BSk) based on the Köppen-Geiger climate classification [37] . The mean annual rainfall in Showt is 264 mm. This city has a moderate climate, and it's highest, lowest, and average annual temperatures are recorded to be 26°C,-2.5°C, and 12.4°C, respectively. People used water wells for drinking, bathing, washing, and watering plants.
Sampling and analysis
22 villages were selected for the purpose of this study. The criterion for selection of the Showt's villages was the presence of fluoride above 5 mg L -1 in drinking water samples in some areas. Three drinking water samples were collected from each village of the selected areas for a total of three times during 2018 and stored in clean, high density polyethylene bottles at 4°C before analysis. Samples were collected from wells. In the sampling locations, the bottles were thoroughly rinsed with sample water and tightly sealed and labeled. The studied villages were coded as 1-22.
Analysis was performed in two categories of system tests and titrimetric tests. Temporary and permanent hardness, calcium, magnesium, and chloride were determined through titrimetric tests, whereas pH (measured by pH-meter device model pHwtw), electrical conductivity (EC) (by Esi meter wbw), and turbidity (by device model HACH50161/co150, HACH P210, USA, precision = 0.01) were determined using system tests. The analysis of anions and cations including nitrate, nitrite, phosphate, and sulfate was also performed by a Hach Spectrophotometer (model DR 5000) in the Water and Wastewater Laboratory of Showt. Total hardness (TH) was determined by the EDTA titrimetric method, TDS was measured gravimetrically, and the fluoride concentration of water samples was determined using the SPADNS method using a spectrophotometer [38] . Final, the mean values were reported and used in this study.
Statistical analysis
Pearson correlation coefficient and simple linear regression were employed to examine the relationship between different parameters of water and fluoride concentrations. Then, to obtain the simultaneous relation among variables, multiple linear regressions were run. The variables with bivariate association P-value <0.2 entered the model. In the final step, non-significant variables were excluded using the backward likelihood ratio method to reach the most parsimonious model. All statistical analyses were performed in SPSS (IBM Corp., Released 2016; IBM SPSS Statistics for Windows, Version 24.0; Armonk, NY: IBM Corp.).
Results and discussion
Occurrence of fluoride and other selected parameters in groundwater samples
In this study, we analyzed the concentrations of fluoride in the groundwater in Showt's villages. Maps of fluoride concentrations for all sampling sites are shown in Fig. 2 ). Descriptive statistics of fluoride and other characteristics of water wells from 22 villages are presented in Table 1 . According to this table, a wide range of fluoride concentrations was observed.
Univariate analysis was utilized to investigate the relationship between the concentrations of fluoride and other characteristics of drinking water. These results are presented in Table 2 . Variables with P-values <0.2 were entered into multivariate regression as the final model.
Finally, the ultimate multivariate regression model was obtained as follows (Table 3) : Yi = 0.0028 ALK + (-0.005) TH + 0.16 Na + According to this model, for a one-unit increase in alkalinity and Na + concentration, the average amount of fluoride in water increases by 0.0028 and 0.16, respectively. Furthermore, for a one-unit increase in TH, the average amount of fluoride in water decreases by 0.005.
This study investigated the relationship between fluoride concentration and other physiochemical characteristics of drinking water (Table 4 ). The concentration of fluoride in drinking water greatly varied across the studied villages, such that it was zero in some villages, normal in some other villages (0.5-1.5 mg L -1 ), and several times higher than the value recommended by the WHO guideline in some others (1.5 mg L -1 ). This wide range of fluoride concentrations in groundwater sources has also been noted by other studies on the same region and other areas of West Azerbaijan Province. For example, in a study on Maku, the concentration of groundwater fluoride in various villages ranged from 0.3 to about 6 mg L -1 [39] . In another study, it was found that fluoride concentration range was much wider in different sources of groundwater, varying from 0 to 10 mg L -1 [40] . High fluoride contamination is also reported in Poldasht, a city near Showt [41, 42] . It seems that Northern regions of West Azerbaijan Province are an endemic area for fluoride contamination. The wide range of fluoride concentrations can be attributed to different minerals in the aquifer bed and also the physicochemical properties of water. On the other hand, in many parts of the West Azerbaijan Province, high concentrations of fluoride have frequently been observed. There were no industries and mining activities in this area. Showt County had geological formation including conglomerate sedimentary rocks, oligocene-miocene deposits, sand and maroon formations and several hot springs is with high Mg carbonated water observed due to volcanic activities. Weathering and leaching of fluoride-containing minerals can release fluoride into groundwater [43] .
Several studies have investigated the relationship between fluoride concentrations and various characteristics of water. Some have suggested that pH range of 7-9 provides the most solubility. In addition, the relationship between Ca 2+ and HCO 3 -ions and fluoride is reported to be direct by some studies but inverse by some others [28] . The results of the present study indicated that alkalinity and Na + have a significant positive correlation with fluoride concentrations in water wells. Nevertheless, TH showed an inverse association with fluoride concentration. The results of several studies confirm the relationship between alkalinity and Na + on the one hand and fluoride on the other, whereas some other studies have reported opposite findings [28] . In case of TH, the results of the present study were consistent with those of the study by Ramakrishnaiah et al. [44] which similarly reported an inverse relationship between TH and fluoride in water. This relationship can be attributed to the role of calcium in the precipitation of fluoride or, in other words, the negative role of calcium in the dissolution of fluoride. The negative effects of calcium and magnesium (hardness factors) on fluoride have been reported in numerous studies [27, 45] . In general, studies have reported contradictory results which can be attributed to the difference among bedrocks in groundwater flows, different chemical compositions of water, and the interaction between chemical parameters. In a study conducted by Panezai and Ullah [46] on fluoride concentration in drinking water and its correlation with different physicochemical parameters in the selected areas of Quetta, Pakistan, results showed that the solubility of fluoride depends on the level of pH. Results also demonstrated that salts K + , Na +, Ca 2+ , SO 4 2-, and Cl -ions play a major role in attaining favorable pH for the dissolution of fluoride-containing compounds in drinking water [46] .
Another study reported that fluoride concentration in water has a significant positive correlation with Na + and SiO 2 and a significant negative correlation with Ca
2+
, Mg 2+ , HCO 3 -, alkalinity, and TH. Furthermore, findings suggested that groundwater with a high F-concentration is associated with Na-Ca-HCO 3 , NaCaMg-HCO 3 , and Na-Mg-Ca-HCO 3 types of water [24] .
Rahman et al. [47] reported that F concentration has a positive correlation with electrical conductivity (EC), total dissolved solids (TDS), and the concentrations of Br, PO 4 3-, and SO 4 2- . In contrast, according to a study conducted by Dehbandi et al. [48] in central Iran, results revealed that F concentration in the groundwater has a negative correlation with pH and HCO 3 -. According to the studies, physicochemical parameters in water affect fluoride concentration in water. Therefore, the geology and the presence of some anions and cations should be considered while investigating the concentrations of fluoride in water resources. Table 4 Correlation matrix of the studied water quality parameters , Mg 2+ , Na + , K + , PO 4 3-were also determined. A wide range of fluoride concentrations (0.0-5.5 mg L -1 ) was observed in Showt's villages. Generally, the fluoride concentrations in groundwater resources of some villages of Showt's has exceeded the maximum permissible limit (1.5 mg L -1 ) set by WHO making it a health concern to residents who take groundwater for domestic uses. Results of the present study also indicated that alkalinity, sodium concentration, and TH can affect the concentrations of fluoride in groundwater resources. Since groundwater is the only dependable source for drinking water in this area, our research alerts that the contaminated water needs to be treated properly before supplying to the residents or alternative water resources should be used.
